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Abstract
In this paper, we study the production of a top-quark in association with a bottom-quark and a
electron-neutrino at the Future Circular Collider Hadron Electron (FCC-he) to probe the sensitivity
on its magnetic moment (aˆV ) and its electromagnetic dipole moment (aˆA) through the process
e−p → e−γp → t¯νebp. Assuming a large amount of collisions, as well as of data with cleaner
environments, the FCC-he is an excellent option to study new physics, such as the aˆV and aˆA.
For our sensitivity study on aˆV and aˆA, we consider center-of-mass energies
√
s = 7.07, 10 TeV
and luminosities L = 50, 100, 300, 500, 1000 fb−1. In addition, we apply systematic uncertainties
δsys = 0%, 3%, 5% and we consider unpolarized and polarized electron beam. Our results show that
the FCC-he is a very good perspective to probe the aˆV and aˆA at high-energy and high-luminosity
frontier.
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I. INTRODUCTION
Electron-proton (e−p) colliders have been and they continue to be considered as ideal
machine to probe physics beyond the Standard Model (BSM). These e−p colliders, such as
the Future Circular Collider Hadron Electron (FCC-he) [1–6] develops options for potential
high-energy frontier circular colliders at the post Large Hadron Collider (LHC) era. Such
colliders will open up new perspective in the field of fundamental physics, especially for the
particle physics. Many potential features in favor of this type of electron-proton colliders
are the following: 1) Provides a cleaner environment compared to the pp colliders and
higher center-of-mass energies that to the e+e− ones. The center-of-mass energies are much
higher than that of the future International Linear Collider (ILC) and the Compact Linear
Collider (CLIC). 2) Connection e−p and pp physics. 3) Provides a cleaner environment
with suppressed backgrounds from strong interactions. 4) e−p when added to pp turns
the pp colliders into high precision Higgs and top-quark facilities. Removes the Parton
Distribution Function (PDF) and coupling constant uncertainties in pp, gg fusion processes.
5) This collider could also provides additional and sometimes unique ways for studying the
Higgs boson and top-quark physics, as well as the exploration of Electroweak Symmetry
Breaking (EWSB) phenomena, with unmatchable precision and sensitivity. 6) Statistics
enhanced by several orders of magnitude for BMS phenomena brought to light by the LHC.
7) Benefit from both direct (large Q2) and indirect (precision) probes. 8) Provides solid
answers to open questions of the Standard Model (SM) like: hierarchy problem, prevalence
of matter over antimatter, the neutrino masses, dark matter and dark energy. In summary,
e−p + pp deliver high precision of Higgs boson, top-quark and QCD and electroweak physics
complementary to e+e−. Furthermore, e−p is an stimulating, realistic option for a next
energy frontier collider for particle physics. For a comprehensive study on the physics and
detector design concepts we refer the readers to Refs. [1–6].
Next the detection of the top-quark, there has been an enormous motivation to investigate
the properties and the potential of top-quark in great detail both in production and in decay.
Increasingly sophisticated experimental results of the current colliders are complemented by
very precise theoretical predictions in the framework of the SM of particle physics and
beyond. Specifically, the anomalous coupling tt¯γ, which is the subject of this paper, have
been studied in detail in hadron colliders and at a future high-luminosity high-energetic linear
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electron-positron colliders, for a reviews exhaustive see Table I of Ref. [7] and references
therein [8–18].
The SM prediction for the Magnetic Moment (MM) and the Electric Dipole Moment
(EDM) of the top-quark, that is at [19] and dt [20–22] reads:
at = 0.02, dt < 10
−30(ecm). (1)
The at can be tested in the current and future colliders such as the LHC, CLIC, the Large
Hadron-Electron Collider (LHeC) and the FCC-he. In the case of the dt, its value is strongly
suppressed as shown in Eq. (1), and is much too hard to be observed. However, it is very
attractive for probing new physics BSM. Furthermore, it is considered as a source of CP
violation.
With everything already mentioned, the FCC-he potential of e−p collisions at
√
s =
7.07 TeV and 10 TeV and high luminosities L = 50 − 1000 fb−1, offer one of the best
opportunities to test and improve our understanding of the top-quark physics. In special
their MM and EDM, and as we already mentioned with the latter considered as a source
of CP violation. CP violation can explain why there is more matter than antimatter in the
universe, which is a topic of great relevance between the scientific community of particles
and fields.
The MM and EDM of the top-quark, that is aˆV and aˆA can be probed in high-energy
electron-proton collisions through the neutral current top-quark production, there are mainly
two modes, i) Deep Inelastic Scattering (DIS) and ii) Photoproduction. Single top-quark
and top-quark pair production is possible by both mechanisms.
In this paper we study in a model-independent way the dipole moments of the top-quark
through the process of single top-quark production e−p → e−γp → t¯νebp. Fig. 1 shows
the schematic diagram for the process e−p → e−γp → t¯νebp, while, the Feynman diagrams
contributing to the reaction e−γ → t¯νeb they are shown in Fig. 2.
The rest of the paper is organized as follows. In Section II, we introduce the top-quark
effective electromagnetic interactions. In Section III, we sensitivity estimates on top-quark
anomalous electromagnetic couplings through e−p → e−γp → t¯νebp collisions. Finally, we
present our conclusions in Section IV.
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II. SINGLE TOP-QUARK PRODUCTION VIA THE PROCESS e−p→ e−γp→ t¯νebp
A. Effective interaction of tt¯γ
Due to the absence so far of any signal of new heavy particles decaying into top-quark,
an attractive approach for describing possible new physics effects in a model independent
way is based on effective Lagrangian. In this approach, all the heavy degrees of freedom are
integrated out leading to obtain the effective interactions between the SM particles. This is
justified because the related observables have not shown any significant deviation from the
SM predictions so far. From the effective Lagrangian approach, potential deviations of its
value from the SM for the anomalous ttγ coupling are described of the effective Lagrangian
given by
Leff = LSM +
∑
n
cn
Λ2
O(6)n + h.c.. (2)
In Eq. (2), Leff is the effective Lagrangian gauge-invariant which contains a series of
dimension-six operators built with the SM fields, LSM is the renormalizable SM Lagrangian,
Λ is the scale at which new physics expected to be observed, cn are dimensionless coefficients
and O(6)n represents the dimension-six gauge-invariant operator.
We write the most general effective vertex of tt¯γ [9, 12, 13, 23, 24] as:
Ltt¯γ = −geQtt¯Γµtt¯γtAµ, (3)
this equation includes the SM coupling and contributions from dimension-six effective oper-
ators. In addition, ge is the electromagnetic coupling constant, Qt is the top-quark electric
charge and the Lorentz-invariant vertex function Γµ
tt¯γ
is given by
Γµ
tt¯γ
= γµ +
i
2mt
(aˆV + iaˆAγ5)σ
µνqν . (4)
Here mt is the mass of the top-quark, q is the momentum transfer to the photon and the
couplings aˆV and aˆA are real and related to the anomalous magnetic moment (at) and the
electric dipole moment (dt) of the top-quark, respectively. The relations between aˆV (aˆA)
and at(dt) are given by
4
aˆV = Qtat, (5)
aˆA =
2mt
e
dt. (6)
The operators contribute to top-quark eletromagnetic anomalous couplings [25–27] are
O33uW = q¯L3σµντatRφ˜W aµν + h.c, (7)
O33uBφ = q¯L3σµνtRφ˜Bµν + h.c, (8)
where q¯L3 is the quark field, σ
µν are the Pauli matrices and φ˜ is the Higgs doublet, while
W aµν and Bµν are the U(1)Y and SU(2)L gauge field strength tensors, respectively.
From the parametrization given by Eq. (3), and from the operators of dimension-six given
in Eqs. (7) and (8) we obtain the corresponding CP even aˆV and CP odd aˆA observables:
aˆV =
2mt
e
√
2υ
Λ2
Re
[
cos θWC
33
uBφ + sin θWC
33
uW
]
, (9)
aˆA =
2mt
e
√
2υ
Λ2
Im
[
cos θWC
33
uBφ + sin θWC
33
uW
]
. (10)
These observables contain υ = 246 GeV, the breaking scale of the electroweak symmetry
and sin θW (cos θW ), the sine(cosine) of the weak mixing angle.
B. Cross-section of e−p→ e−γp→ t¯νebp
The FCC-he will be designed to operate in e−p collision mode, but it can also be operated
as a e−γ, γp and γγ collider. A promising mechanism to generate energetic photon beams in
a FCC-he is Equivalent Photon Approximation (EPA) [28–30] using the Weizsacker-Williams
Approximation. In EPA, photons emitted from incoming hadrons (leptons) which have very
low virtuality are scattered at very small angles from the beam pipe. As is know, there is
an elastic collision between the electron and the photon. The emitted quasi-real photons
have a low Q2 virtuality and are almost real, due to this reason the proton which emitted
photons remain intact and do not dissociate into partons. Intact protons can be detected by
forward detectors almost simultaneously with electron-photon collisions [31–34]. However,
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the particles in the final state of γe collisions will go to the central detectors. A process that
can be considered as a background of the process e−p→ e−γp→ t¯bνep at the FCC-he is the
process e−p → e−γp → e−t¯b + X as an inelastic process. Such a process may occur with
the γW− → t¯b subprocess and contains only electroweak interactions. In this process, the
photon is emitted by the electron and this electron can be detected by the forward detectors.
First of all, the process e−p → e−γp → e−t¯b + X is different from the process e−p →
e−γp → t¯bνep, since the process we examined there is the electron neutrino in the final
state. The electron neutrino is not detected directly in the central detectors. Instead,
their presence is inferred from missing energy signal. However, the colliding proton in the
process e−p → e−γp → e−t¯b + X dissociates into partons. In addition, elastic processes
can be distinguished completely inelastic processes due to some experimental signatures.
First, as mentioned above, after the elastic emission of photon, proton is scattered with a
small angle and escapes detection from the central detectors. This gives rise to a missing
energy signature called forward large-rapidity gap, in the corresponding forward region of
the central detector. However, productions ℓℓ¯, γγ, jj and J/ψ of elastic processes with the
aid of this technique were successfully examined by CDF and CMS Collaborations [35–39].
Also, another experimental signature can be implemented by forward particle tagging. These
detectors are to tag the forward protons with some energy fraction loss. CMS and TOTEM
Collaborations at the LHC began these measurements using forward detectors between the
CMS interaction point and detectors in the TOTEM area about 210 m away on both sides
of interaction point [40]. However, LHeC Collaboration has a program of forward physics
with extra detectors located in a region between a few tens up to several hundreds of meters
from the interaction point [41]. For these reasons, the γe collisions in the correlation with
the central detectors can be determined as a separate signal from the γp collisions.
In this paper our calculations are based on photon-electron fluxes through the subprocess
e−γ → t¯νeb and the representative leading order Feynman diagrams are depicted in Fig. 2.
Here we put in evidence the contribution of elastic process with an intact proton in the final
state, as well as the inelastic component for the leptonic final state. The spectrum of EPA
photons which are emitted by proton is given by [28, 42]
fγ(x) =
α
πEp
{[1− x][ϕ(Q
2
max
Q20
)− ϕ(Q
2
min
Q20
)], (11)
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where x = Eγ/Ep and Q
2
max is the maximum virtuality of the photon. In our calculations,
we use Q2max = 2GeV
2. The minimum value of the Q2min is given by
Q2min =
m2px
2
1− x. (12)
From Eq. (11), the function ϕ is the following
ϕ(θ) = (1 + ay)
[
−In(1 + 1
θ
) +
3∑
k=1
1
k(1 + θ)k
]
+
y(1− b)
4θ(1 + θ)3
+c(1 +
y
4
)
[
In
(
1− b+ θ
1 + θ
)
+
3∑
k=1
bk
k(1 + θ)k
]
, (13)
where explicitly y, a, b and c are as follows
y =
x22
(1− x2) , (14)
a =
1 + µ2p
4
+
4m2p
Q20
≈ 7.16, (15)
b = 1− 4m
2
p
Q20
≈ −3.96, (16)
c =
µ2p − 1
b4
≈ 0.028. (17)
Hence, the total cross-section of the scattering e−p→ e−γp→ t¯νebp can be expressed as
σ(e−p→ e−γp→ t¯νebp) =
∫
fγ(x)dσˆ(e
−γ → t¯νeb)dx, (18)
where σ(e−γ → t¯νeb) is the cross-section of the scattering e−γ → t¯νeb and fγ(x) is the
spectrum of equivalent photons which is given in Eq. (11).
It is worth mentioning that, there are different ways to optimize the signal sensitivity
e−p → e−γp → t¯νebp and reduce the background. This is possible if we apply cut-based
optimization, in addition to considering polarized electron beam.
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We base our results on the following kinematic acceptance cuts in order to optimize the
significance of the signal over all the backgrounds:
Cut-1: pbT > 20GeV, Cut-2: |ηb| < 2.5, Cut-3: pνeT > 15GeV. (19)
In Eq. (19), pbT is the transverse momentum of the final state bottom-quark, η
b is the
pseudorapidity and pνeT is the transverse momentum of the electron-neutrino. The outgoing
particles are required to satisfy these isolation cuts.
An essential feature in the design of current and future colliders of high-energy physics,
is the implementation of polarized particles beams. Most accelerators have been modified
or are being designed with the possibility of using polarized particles sources, such as the
FCC-he. The possibility of using polarized electron beams can constitute a strong advantage
in searching for new physics [43]. Furthermore, the electron beam polarization may lead to
a reduction of the measurement uncertainties, either by increasing the signal cross-section,
therefore reducing the statistical uncertainty, or by suppressing important backgrounds. In
summary, one another option at the FCC-he is to polarize the incoming beam, which could
maximize the physics potential, both in the performance of precision tests and in revealing
the properties of the new physics BSM.
The general formula for the total cross-section for an arbitrary degree of longitudinal e−
and e+ beams polarization is given by [43]
σ(Pe−, Pe+) =
1
4
[(1 + Pe−)(1 + Pe+)σ++ + (1− Pe−)(1− Pe+)σ−−
+(1 + Pe−)(1− Pe+)σ+− + (1− Pe−)(1 + Pe+)σ−+], (20)
where Pe−(Pe+) is the polarization degree of the electron (positron) beam, while σ−+ stands
for the cross-section for completely left-handed polarized e− beam Pe− = −1 and completely
right-handed polarized e+ beam Pe+ = 1, and other cross-sections σ−−, σ++ and σ+− are
defined analogously.
The main anomalous electromagnetic couplings affecting top-quark physics that are
of interest for our study are aˆV and aˆA. We have calculated the dependencies of the
e−p→ e−γp→ t¯νebp production cross-sections for the FCC-he at 7.07 TeV and 10 TeV on
aˆV and aˆA using CalcHEP [42]. Furthermore, for our study we consider unpolarized and
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polarized electron beam, as well as the basic acceptance cuts given in Eq. (19). Assuming
only one anomalous coupling to be non-zero at at time, we obtain the following results for
the total cross-section in terms of the dipole moments of the top-quark:
i) Total cross-section for
√
s = 7.07 TeV and Pe− = 0%.
σ(aˆV ) =
[
(0.00199)aˆ2V + (0.0000350)aˆV + 0.000522
]
(pb), (21)
σ(aˆA) =
[
(0.00199)aˆ2A + 0.000522
]
(pb). (22)
ii) Total cross-section for
√
s = 10 TeV and Pe− = 0%.
σ(aˆV ) =
[
(0.00499)aˆ2V + (0.0000217)aˆV + 0.000777
]
(pb), (23)
σ(aˆA) =
[
(0.00499)aˆ2A + 0.000777
]
(pb). (24)
iii) Total cross-section for
√
s = 7.07 TeV and Pe− = −80%.
σ(aˆV ) =
[
(0.00358)aˆ2V + (0.0000614)aˆV + 0.00094
]
(pb), (25)
σ(aˆA) =
[
(0.00358)aˆ2A + 0.00094
]
(pb). (26)
iv) Total cross-section for
√
s = 10 TeV and Pe− = −80%.
σ(aˆV ) =
[
(0.00898)aˆ2V + (0.000037)aˆV + 0.0014
]
(pb), (27)
σ(aˆA) =
[
(0.00898)aˆ2A + 0.0014
]
(pb). (28)
We see that the sensitivities on the total cross-section and on the coefficients of aˆV and
aˆA increase with the centre-of-mass energy, as well as with the polarized electron beam,
confirming the expected competitive advantage of the high-energies attainable with the
FCC-he.
We first present the total cross-section of the signal e−p → e−γp → t¯νebp as a function
of the aˆV and aˆA for the center-of-mass energies of the FCC-he, that is
√
s = 7.07 TeV and
√
s = 10 TeV , as shown through Figs. 3-6. These results are obtained after applying the
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kinematic cuts given in Eq. (19) and with unpolarized electron beam Pe− = 0%. The results
show a clear dependence of the total cross-section of the e−p → e−γp → t¯νebp scattering
with respect to aˆV and aˆA, as well as with the center-of-mass energies of the FCC-he.
In the case of the cross-section of the photo-production process e−p → e−γp → t¯νebp
after application of cuts given by Eq. (19) and with polarized electron beam Pe− = −80%,
the total cross-section is about 1.8 times larger than that of the photo-production process
e−p→ e−γp→ t¯νebp with unpolarized electron beam Pe− = 0%, as shown in Figs. 9-12.
Before continuing with our study, it is worth making a discussion about our results
obtained in Fgs. 3-6 and 9-12. While the theory predictions for aˆV and aˆA in Eqs. (5) and
(6) as well as the total cross-section that contains the anomalous coupling tt¯γ have been
made in different contexts (see Table I of Ref. [7]), the aˆV and aˆA have not been measured
experimentally yet. Therefore, one only has the option of comparing the measured aˆV and
aˆA and the total cross-section with the theoretical calculation of Refs. [11, 12]. The authors
of Ref. [11] specifically measure σ(γe− → tt¯) with 10% (18%) error obtaining the following
results for the MM and the EDM of the top-quark at the LHeC: |κ| < 0.05(0.09) and
|κ˜| < 0.20(0.28). While in our case, with the process e−p → e−γp → t¯νebp, we obtain:
aˆV = (−0.1480, 0.1438) and aˆA = |0.1462| with
√
s = 10 TeV , L = 1000 fb−1, δsys =
5%, Pe− = 0% and 95%C.L.. With polarized electron beam Pe− = −80%, we obtain:
aˆV = (−0.1394, 0.1353) and aˆA = |0.1374|. Although the conditions for the study of both
processes γe− → tt¯ and e−p → e−γp → t¯νebp are different, our result are competitive with
respect to the results reported in Ref. [11]. In addition, it should be noted that our results
are for 95%C.L., while those reported in Ref. [11] are for 90%C.L.. On the other hand,
from the comparison of our result using the process e−p → e−γp → t¯νebp at the FCC-he,
with respect to the process pp → pγ∗γ∗p → ptt¯p at LHC, our results show a significant
improvement. Furthermore, it is noteworthy that with our process the total cross-sections is
a factor O(103) between pp→ pγ∗γ∗p→ ptt¯p and e−p→ e−γp→ t¯νebp, that is, our results
project 3 orders of magnitude better than those reported in Ref. [12]. These projections
shows that the sensitivity on the anomalous couplings aˆV and aˆA can be improved at the
FCC-he by a few orders of magnitude in comparison with the projections of the LHC.
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III. MODEL-INDEPENDENT SENSITIVITY ESTIMATES ON THE aˆV AND aˆA
To determine the sensitivity of the non-standard couplings, aˆV and aˆA, Eqs. (9) and
(10) we use the results from Section II, for the process e−p → e−γp → t¯νebp at the
FCC-he. We consider the center-of-mass energies
√
s = 7.07, 10 TeV and luminosities
L = 50, 100, 300, 500, 1000fb−1 with unpolarized and polarized electron beam. Further-
more, we consider the kinematic acceptance cuts given by Eq. (19), take into account the
systematic uncertainties δsys = 0%, 3%, 5% and we follow three different confidence level
(C.L.) 68%, 90% and 95% and to make our study more effective we perform a χ2 test define
as:
χ2(aˆV , aˆA) =
(
σSM − σBSM(
√
s, aˆV , aˆA)
σSM
√
(δst)2 + (δsys)2
)2
. (29)
Here σSM is the cross-section from the SM, while σBSM(
√
s, aˆV , aˆA) is the total cross-section
which contains contributions from the SM, as well as non-standard contributions which
come from the anomalous couplings aˆV and aˆA. δst =
1√
NSM
and δsys are the statistical and
systematic uncertainties. In our study we consider δsys = 0%, 3%, 5%. The number of events
for the process e−p → e−γp → t¯νebp is given by NSM = Lint × σSM × BR × ǫb−tag , where
Lint is the integrated FCC-he luminosity and b-jet tagging efficiency is ǫb = 0.8 [44]. The
top-quark decay almost 100% to W boson and b quark, specifically t¯→ b¯W−, where the W
boson decays into leptons and hadrons.
The χ2(aˆV , aˆA) analysis due systematic uncertainties is studied for three representative
values of δsys at 0%, 3% and 5%, respectively. And the sensitivity of aˆV and aˆA at 95%
C.L. is found to be of the order of 10−1 with
√
s = 10 TeV , L = 1000 fb−1 and we consider
both cases, that is, unpolarized and polarized electron beam, as shown in Table VI (which
includes the acceptance cuts, Eq. (19)). The order of the sensitivity on the anomalous
couplings aˆV and aˆA for other values of
√
s and L varies between 10−2 − 10−1 at 68% C.L.
and 90% C.L., as shown in Tables I-V. Our study shows that the anomalous tt¯γ vertex at
the FCC-he can be probed to a very good accuracy and is comparable with others existing
limits, see Table I, Ref. [7].
Figs. 7-8 (unpolarized electron beam) and 13-14 (polarized electron beam) show the 95%
C.L. contours for the anomalous top-quark dipole couplings aˆV and aˆA with the assumed
energies and luminosities of
√
s = 7.07, 10 TeV and L = 50, 250, 1000 fb−1. With the uncer-
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tainty of 0%, the 95% C.L. sensitivity on the couplings are found to be aˆV ∈ [−0.45, 0.05],
aˆA ∈ [−0.25, 0.25] with Pe− = 0%, and aˆV ∈ [−0.120, 0.120], aˆA ∈ [−0.120, 0.120] with
with Pe− = −80%. Of the relations given by Eqs. (5) and (6), the sensitivities on the
anomalous dipole moments of the top-quark aˆV and aˆA are corresponding to the following
sensitivities on the magnetic and electric dipole moments of the top-quark:
Pe− = 0% :
−0.675 ≤ at ≤ 0.675, 95% C.L.,
−1.433 ≤ dt(10−17ecm) ≤ 1.433, 95% C.L.,
(30)
and
Pe− = −80% :
−0.180 ≤ at ≤ 0.180, 95% C.L.,
−6.878 ≤ dt(10−18ecm) ≤ 6.878, 95% C.L..
(31)
For the anomalous magnetic and electric dipole moments, an improvement is reachable in
comparison with the constraints obtained from the γe− → tt¯ [11] and pp→ pγ∗γ∗p → ptt¯p
[12] searches mentioned previously.
IV. CONCLUSIONS
In this paper, we have study feasibility of measuring the non-standard couplings aˆV and aˆA
coming from the effective electromagnetic interaction tt¯γ through the process e−p→ e−γp→
t¯νebp at the FCC-he. Specifically, we assume energies from 7.07 and 10 TeV and integrated
luminosities of at least 50, 100, 300, 5000 and 1000 fb−1. Further our sensitivity study is
cut-based, polarized electron beam and sources of systematic uncertainties such as leptons
and b-jet identification, as well as in a χ2(aˆV , aˆA) test to extract, enhance and optimize the
expected signal cross-section and the sensitivity on aˆV and aˆA. We find that the total cross-
section σ(e−p→ e−γp→ t¯νebp) has a strong dependence on the anomalous couplings aˆV and
aˆA, as well as with the center-of-mass energies of the FCC-he and therefore strong sensitivity
estimated are obtained on σ(e−p → e−γp → t¯νebp) (see Figs. 3-6 and 9-12) and aˆV (aˆA)
(see Tables I-VI). Therefore, our results show that with the process e−p → e−γp → t¯νebp
at the FCC-he, the sensitivity estimated on the MM and the EDM of the top-quark can be
significantly strengthened. Specifically, with 1000 fb−1 of data,
√
s = 10 TeV , δsys = 5%
and Pe− = −80% we obtain: aˆV = (−0.1394, 0.1353) and aˆA = |0.1374|. Our results are
competitive with those results shown in Table I of Ref. [7]. At this time, the FCC-he is an
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TABLE I: Sensitivity on the aˆV magnetic moment and the aˆA electric dipole moment of the top-
quark through the process e−p→ e−γp→ t¯νebp.
√
s = 7.07 TeV, 68% C.L.
Pe− = 0% Pe− = −80%
L (fb−1) δsys aˆV |aˆA| aˆV |aˆA|
50 0% [-0.2733, 0.2557] 0.2644 [-0.2370, 0.2199] 0.2282
50 3% [-0.2742, 0.2566] 0.2652 [-0.2383, 0.2212] 0.2295
50 5% [-0.2756, 0.2580] 0.2667 [-0.2406, 0.2234] 0.2318
100 0% [-0.2313, 0.2137] 0.2223 [-0.2007, 0.1836] 0.1919
100 3% [-0.2327, 0.2151] 0.2237 [-0.2029, 0.1857] 0.1941
100 5% [-0.2351, 0.2175] 0.2261 [-0.2066, 0.1894] 0.1978
300 0% [-0.1779, 0.1603] 0.1689 [-0.1547, 0.1375] 0.1458
300 3% [-0.1811, 0.1635] 0.1720 [-0.1594, 0.1423] 0.1506
300 5% [-0.1862, 0.1686] 0.1772 [-0.1669, 0.1498] 0.1581
500 0% [-0.1577, 0.1401] 0.1487 [-0.1372, 0.1201] 0.1283
500 3% [-0.1622, 0.1446] 0.1532 [-0.1440, 0.1268] 0.1351
500 5% [-0.1694, 0.1518] 0.1603 [-0.1540, 0.1368] 0.1451
1000 0% [-0.1341, 0.1165] 0.1250 [-0.1169, 0.0997] 0.1079
1000 3% [-0.1414, 0.1238] 0.1323 [-0.1275, 0.1103] 0.1186
1000 5% [-0.1519, 0.1343] 0.1429 [-0.1414, 0.1242] 0.1325
excellent option for the electron-proton collider. It will be useful for any new physics study.
Fortunately, future of e−p colliders remain promising as it is a natural option like a hybrid
between the hadron pp and linear e+e− colliders.
It is worth mentioning that, additional improvements could be achieved on the observables
of the top-quark, especially in their electromagnetic properties to the extent that more
sophisticated analysis methods are apply. In addition to the improvement in the technology
of detection of the current and future high-energy physics colliders.
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TABLE II: Sensitivity on the aˆV magnetic moment and the aˆA electric dipole moment of the
top-quark through the process e−p→ e−γp→ t¯νebp.
√
s = 7.07 TeV, 90% C.L.
Pe− = 0% Pe− = −80%
L (fb−1) δsys aˆV |aˆA| aˆV |aˆA|
50 0% [-0.3084, 0.2908] 0.2995 [-0.2673, 0.2502] 0.2585
50 3% [-0.3093, 0.2917] 0.3004 [-0.2688, 0.2516] 0.2600
50 5% [-0.3110, 0.2934] 0.3021 [-0.2713, 0.2542] 0.2626
100 0% [-0.2608, 0.2432] 0.2518 [-0.2262, 0.2090] 0.2174
100 3% [-0.2624, 0.2447] 0.2534 [-0.2286, 0.2115] 0.2199
100 5% [-0.2651, 0.2475] 0.2562 [-0.2328, 0.2156] 0.2240
300 0% [-0.2003, 0.1827] 0.1913 [-0.1740, 0.1569] 0.1652
300 3% [-0.2039, 0.1863] 0.1949 [-0.1794, 0.1623] 0.1706
300 5% [-0.2097, 0.1921] 0.2008 [-0.1879, 0.1707] 0.1791
500 0% [-0.1774, 0.1598] 0.1684 [-0.1542, 0.1371] 0.1454
500 3% [-0.1825, 0.1649] 0.1735 [-0.1619, 0.1448] 0.1531
500 5% [-0.1906, 0.1730] 0.1816 [-0.1732, 0.1561] 0.1644
1000 0% [-0.1507, 0.1331] 0.1416 [-0.1311, 0.1140] 0.1222
1000 3% [-0.1589, 0.1413] 0.1498 [-0.1432, 0.1260] 0.1343
1000 5% [-0.1708, 0.1532] 0.1618 [-0.1589, 0.1418] 0.1501
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FIG. 1: A schematic diagram for the process e−p→ e−γp→ t¯νebp.
FIG. 2: Feynman diagrams contributing to the subprocess e−γ → t¯νeb.
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FIG. 3: The total cross sections of the process e−p → e−γp → t¯νebp as a function of aˆV for
center-of-mass energies of
√
s = 7.07, 10 TeV at the FCC-he.
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FIG. 4: Same as in Fig. 3, but for aˆA.
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FIG. 5: The total cross sections of the process e−p → e−γp → t¯νebp as a function of aˆV and aˆA
for center-of-mass energy of
√
s = 7.07 TeV at the FCC-he.
FIG. 6: Same as in Fig. 5, but for center-of-mass energy of
√
s = 10 TeV .
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FIG. 7: Sensitivity contours at the 95% C.L. in the aˆV − aˆA plane through the process e−p →
e−γp→ t¯νebp for
√
s = 7.07 TeV at the FCC-he.
L= 50 fb-1
L= 250 fb-1
L 1000 fb-1
-0.6 -0.4 -0.2 0.0 0.2
-0.4
-0.2
0.0
0.2
0.4
av
a
a
FIG. 8: Same as in Fig. 7, but for
√
s = 10 TeV .
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FIG. 9: Same as in Fig. 3, but with polarized beams Pe− = −80%.
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FIG. 10: Same as in Fig. 4, but with polarized beams Pe− = −80%.
24
FIG. 11: Same as in Fig. 5, but with polarized beams Pe− = −80%.
FIG. 12: Same as in Fig. 6, but with polarized beams Pe− = −80%.
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FIG. 13: Same as in Fig. 7, but with polarized beams Pe− = −80%.
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FIG. 14: Same as in Fig. 8, but with polarized beams Pe− = −80%.
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